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In recent years, circannual variations in incidence
and mortality for coronary artery diseases,1 cere-
brovascular diseases,2,3 chronic obstructive pul-
monary diseases4 and venous thromboembolic
diseases5,6 have been demonstrated, with a peak
in winter and a trough in summer, especially in
elderly people. This could be explained by an
increasing risk of thrombosis due to seasonal
variations of environmental risk factors, diet,
exercise, plasma lipids, haemorrheological and
coagulation factors and seasonal variations of
respiratory infections.4
Since there is little information about the
circannual distribution of pulmonary embolism
(PE) and its relation with weather conditions, we
would like to submit to your attention the data of
our study aimed at analysing the influence of
changes in metereological parameters and seasonal
variations in PE.
We observed the circannual distribution of 457
hospitalized patients, with mean age7SD
71.68712.62 years, 51.7% males and 48.3% fe-
males, (324, 71% medical patients, 133, 29%
surgical patients) discharged in a period 6 years
long (1996–2001) from the Policlinico Le Scotte
University Hospital of Siena, Italy, with diagnosis of
PE (415.1 code of the International Classification of
Diseases, 9th Clinical Modification ICD-9-CM). Of
the patients, 358 (78.3%) were 65 years old and
over, with mean age7SD 77.5177.03 years, 49.1%
males and 50.9% females.
We evaluated four metereological parameters:
monthly mean temperature (1C), monthly mean
excursion of temperature in a day (1C), monthly
mean barometric pressure (millibar, mb) and
monthly mean relative humidity (in percentage of
water saturation, % saturation).
Moreover in a subgroup of elderly medical
patients admitted in our Department, we analysed
and compared the differences between cold andee front matter & 2005 Elsevier Ltd. All rights reserv
med.2005.04.006warm months of five laboratory parameters and
commonest risk factors for PE: plasma D-Dimer
levels (ng/ml, IL Test D-Dimer quantitative method,
ACL Futura, Instrumentation Laboratory, Biokit
S.A., Spain), plasma C-reactive protein (CRP, mg/
dl, Dade/Behring Diagnostics, Marburg, Germany),
plasma fibrinogen levels (Multifibren, Dade/Behring
Diagnostics, Marburg, Germany, mg/dl), erythro-
cyte sedimentation rate (ESR, mm/h) and platelets
count ( 106/L).
For statistical analysis we used the t-test
for the differences of the means of independent
samples and the correlation index of Pearson (r2)
for the relation between meteorological para-
meters and number of cases of PE; Po0:05
and r2p 0:5X 1orX0:5p1 were considered
significant.
We noticed a weak percentage of PE in the
cold months (October–March) than in the warm
months (April–September) (54% vs. 46%, P ¼ ns),
both in patients under 65 years old (56.5% vs.
43.5%, P ¼ ns) and in elderly patients (53.3% vs.
46.7%, P ¼ ns) and in the medical patients (cold
months 49.8%, warm months 50.2%, P ¼ ns),
while in the surgical patients there was a strong
percentage in the cold months (61.5% vs. 38.5%,
Po0:05).
Of the patients with PE, 24.2% died (24.4% in
medical patients, 22.5% in surgical patients), 91% of
them being elderly. Mortality for PE was strong in
the cold months than in the warm months (64% vs.
36%, Po0:05), both in patients under 65 years (70%
vs. 30%, Po0:05) and in elderly patients (63.4% vs.
36.6%, Po0:05). In medical patients mortality was
56.5% in cold months and 43.5% in warm months
(Po0:05), in surgical patients mortality for PE was
60% in cold months and 40% in warm months
(Po0:05).
Mean7SD length of hospitalization (LOS) was
23.47718.73 days. Mean LOS in cold months was
23.57720.38 days, while in warm months was
23.38718.73 days (P ¼ ns). In medical patients
mean7SD LOS was 20.63715.81 days, while for
surgical patients mean7SD LOS was 30.20723.00
days (Po0:05).ed.
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Seasonal variations of PE1470Table 1 shows the distribution of patients in the
hospital wards with the seasonal variations. In
medical patients we did not find strong differences
for internal medicine and respiratory disease
wards, while we found a strong difference for
cardiology ward where PE was more frequent in
warm months and for the other wards where PE was
more frequent in cold months. In surgical patients
we found a strong difference in the seasonal
distribution of PE for general surgery and orthope-
dics wards, where PE was more frequent in cold
moths. For the others surgical wards we did not find
differences in seasonal distribution.
The monthly distribution of PE revealed a peak in
March and a trough in August, for all the considered
patients and for the group of elderly patients. TheTable 1 Wards of hospital admission and seasonal variat
Hospital wards Patients number Cold months (Octo
Medical patients
Internal medicine 188 90
Respiratory disease 59 30
Cardiology 32 13
Other wards 35 21
Surgical patients
General Surgery 65 40
Orthopedics 38 25
Other wardsy 30 15
Geriatrics 13, Oncology 5, Infettivology 4, Haematology 2, Ne
yHeart Surgery 4, Neurosurgery 13, Urology 9, Vascular Surgery
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Figure 1 Circannual distribution of Pseasonal distribution of the cases was: Winter 134
(elderly 100), Spring 127 (elderly 93), Summer 97
(elderly 72), Autumn 109 (elderly 82).
We found a strong inverse correlation between
mean monthly temperature and barometric pres-
sure and number of cases affected by PE
(r2 ¼ 0:66 and 0.61, respectively, see Fig. 1),
while we found a weak inverse correlation between
mean monthly excursion of temperature in a day
and humidity and PE (r2 ¼ 0:42 and 0.38,
respectively).
Considering separately medical and surgical
patients, we found many weak peaks of occurrence
of PE during the year in medical patients, while in
surgical patients a strong peak of occurrence in
March was found. In medical patients only weakions.
ber–March) Warm months (April–September) P
98 ns
29 ns
19 o0.05
14 o0.05
25 o0.05
13 o0.05
15 ns
urology 8, Intensive Care 7.
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weather parameters were found (monthly mean
temperature r2 ¼ 0:25, barometric pressure
r2 ¼ 0:08, mean monthly excursion r2 ¼ 0:03,
mean humidity r2 ¼ 0:38). Instead in surgical
patients we found a strong inverse correlation with
barometric pressure (r2 ¼ 0:83), while for the
other parameters we found a weak correlation
(mean monthly temperature r2 ¼ 0:41, mean
monthly excursion r2 ¼ 0:11, humidity
r2 ¼ 0:36). Figure 2 shows medical and surgical
patients and the strong correlation for surgical
patients.
The subgroup of elderly patients admitted in our
Department and considered for the biochemical
analysis were 75 with mean age7SD 78.577.5
years. Of them, 44 were admitted in the cold0
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Figure 2 Seasonal variations in medical and
Table 2 Risk factors for PE and seasonal variations.
Risk factor Patients number Cold mo
(Octobe
75 44(58.6%
DVT 28(37.3%) 13(29.5%
Cancer 11(14.6%) 6(13.6%)
COPD 14(18.6%) 7(15.9%)
Heart failure 22(29.3%) 16(36.3%
Immobility 44(58.6%) 23(52.2%
Fractures 5(6.6%) 2(4.5%)
Recent surgery 5(6.6%) 2(4.5%)
Leg extremity paralysis 12(16%) 6(13.6%)
DVT ¼ deep vein thrombosis; COPD ¼ chronic obstructive pulmonmonths and 31 in the warm months. We noticed
strong mean levels of CRP (6.6 vs. 4.3mg/dl,
Po0:05), D-Dimer (1856 vs. 1690 ng/ml, Po0:05)
and platelets (251.5 vs. 189.4 103/l, Po0:05) in
the group admitted in the cold months, while we
observed weak differences in fibrinogen (491.4 vs.
469.0mg/dl, P ¼ ns) and ESR (33.80 vs. 34.03mm/
h, P ¼ ns).
Table 2 shows risk factors for PE found in this
subgroup of patients with the seasonal variations.
We found a strong difference for deep vein
thrombosis (DVT), immobility (bed rest over 4
days), fractures and recent surgery that were more
frequent in warm months and for heart failure that
was more frequent in cold months; we observed a
weak difference for COPD, cancer and leg extre-
mity paralysis.Se
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surgical patients and weather’s changes.
nths
r–March)
Warm months
(April–September)
P
) 31(41.4%) o0.05
) 15(48.3%) o0.05
5(16.1%) ns
7(22.5%) ns
) 6(19.3%) o0.05
) 21(67.7%) o0.05
3(9.6%) o0.05
3(9.6%) o0.05
6(19.3%) ns
ary disease.
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Seasonal variations of PE1472In agreement with the studies that observe a
seasonal variation in occurrence5,7,8 and mortality for
PE9–15 with a prevalence in autumn and/or winter, our
findings, with the limitation of the retrospective
studies, demonstrate a weak seasonal difference in
the occurrence of PE in surgical patients and a strong
seasonal difference for mortality of PE both in medical
and in surgical patients, with a peak of cases in winter
(January–March) and a trough in the warm months.
Moreover our study could add information about
the role of some metereological parameters in
seasonal variations of incidence and mortality of
PE. When we consider all patients, mean monthly
temperature and barometric pressure could have a
role on seasonal distribution of PE, while when we
consider separately medical and surgical patients,
only barometric pressure seems to influence PE
occurrence in surgical patients.
In disagreement with our results was a previous
study of Stein et al. considering a period of about 20
years (1979–1999) where a difference was not found
in seasonal incidence for PE in the entire United
States (US) and in the single regions of US, clearly
different for climatic conditions,16 and another 5
years long (1996–2001) retrospective study con-
ducted in Spain where, although a peak of occur-
rence of PE was noticed in autumn and winter, the
higher mortality for PE was observed in spring.17
It was already demonstrated by Bull et al.18 and
Keatinge et al.19 that haemostatic and haemorrher-
ologic parameters could be increased with low
temperature, providing a probable explanation for
rapid increases in coronary and cerebral thrombosis in
cold weather. Our study could suggest that the
haemostatic factors are higher in the cold months in
patients with PE although the commonest risk factors
for venous thromboembolic disease were not more
frequent in these months. This mayor status of blood
agreeability probably could explain the more severe
episodes of pulmonary embolism in winter, responsible
for higher mortality and could add data to a previous
study of Manfredini et al.8 in which the winter peak of
PE should be not influenced by underlying clinical
conditions, suggesting that seasonality of PE could be
due to endogenous variations.
Our study could be considered a pilot sudy:
future prospective studies could establish the exact
influence of weather on circannual variations of PE
and haemostasis.Acknowledgements
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